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, M FORMATION METHOD OF SILICON OXIDE FILM 

; ■.■\bslracl: 

PI 'iv^n )S!:; 1 n tomi a silicon oxide filni which :s small in an OH content 
group and excellent m moisture pcnneabililv prc\'cniing propeitics and 
coaled with a high offset. 

C( )\S"HT1 ri ION: A mixed gas of an oxidizing gas conlairang alkoxv silane 
and ; \ Jroeen is introduced, thereby tbnnmg a silicon oxide film having an 
Si-I ! 'ii:iJ!i^,g !\ised on a plasma VI) incihod. This makes ii jiosMble to 
niaiv::aciiire a semiconductor dc\'ice ha\ ing a liigh densitv and high reliabiliiv 
muUriaxer w iring at low cost. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This J.>cu,reni has been translated by con^nitcr. So the translat:on mav no; rcllect the v:\^md precisclv 
: sb^u- ;he word which can not be iran-lalc.l 
3, hi \\w Jra^ aigs. any words are not translated 



ni:i.\iM:i) :)i-:scRiPTioN 

jl )^\. :\cA De- JMjnion ot^lhe hivcnlion] 

UnlKvial Application] this mvent.on relates to tlie uKinul'aciure method ol a sihcon .xit.e and relate, u- tire l,.mut..n .neth..d In 
Ihe ( '>■; ) (>! the silicon oxide which insulates belueen the venical wiring lavers m the imHl-.i iver interconnection ol a 
seniiL r-Jucto! de\ ice especially. 

■.)o.e-.;nuvi .f the Prior Art] In fomiation of the silicon oxide lor semiconductor devices by CVII the mono silaiie S,H4i has 
been -ed us , raw material from the li.nncr. However, in connection wUli the densificati.v.: of a large-scale integr ated e.rciut 
il SI , t! e -U-eni size tumed minutelv. it becanic the stage vvhere iiow siibnitcron processnt. uas perloimed. and so.ne tronhle 
example, it is SiH4 although the s,/e ofa wiring mteiTal is becoming ind.s:^cnsable [ the embedding ot the .|nalnv 



has arisen rr; example, u is :>in^ uiuiuutiii ui^ a ti.^v. i i i 

msulato; hiver to the portton into which the ratio u.spect ratio, of the depth (h.eight ol wiring, to between u .nng exceeds b> 
stihniicron one in the mantifactiire process ofa intihilnyer tnierconnectum. It ,s raised to sr.ca a detailed slo and the detailed lev el 
d.ffeiviice section of a high aspect ratio with the used CVD tiiat suiricient insulator laver Ic-iinaiu-n cannot be oerto,nied 
Moie- er i!-^' IS gomg to dare applv. the p.oblein of aluminum winng heme eoiToded a:u: uisconuecled m peimealion ol the 
nioisfiiv horn a portion m which the short circuit dui'iiig w,nng aiid covering nature ucte i,tler;or u, 11 arise Moreove, Ml 4 
When oxvLcn (02) and the nitrous oxide (N2( )) of a oxidizing gas are contacted, it ,s also a problem that it reacts easily and is 
easv ,;. ■ene.ate particle. Moreover. S.H4 It is self-ignition natu,e gas uliich wiU burn ,f ordmarv temperature describes air. and 
when it mixes with ****** gas, it is a dangerous material which luis explosivihtv. Tins Sil l4 II m charge ol use. emplovment 
xUiicl i-onitcd the facility in alignment with the regulations about a .specific high pressure ias. and took care o\ saletv enough must 
he i^c ioniied. and the cost for It IS also bv no means cheap, , , , , ,i .■ ,i 

I ( ,( I, , -. i -\b.,v e S,H(s)4 In order to conquer the fault of the used plasma CVD method, a tetraetln 1 ortho sihcale hencelor h. 
Tb( )S) is SiH4 It has come to be used as a changing ,aw material The silicon oxide foirried bv the plas.na C VD method using 



T]:( )S IS SiH4, Bxcellmg [ and ] the case where it uses in level dil^rence covering nature. I EOS is a comparativch sate la^^ 
mate' iai whicli self-ignition nature does not either 



M ,o i lo-.ev ci the silicon oxide fomied bv the plasma CVl ) method using TEOS has stiu lelt the piob em bv compactne 

u .a,sp nencN tnevention propertv of moisttire. and the content ( )H radical weight. SiH4 Compared with the sucon oxide winch 
he sciui ce and was foniied bv the plasma CVT) method, water resistance is infei lor. S.-1 1 combination hardlv c-xasts in . 
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■ource ana was lomieu o\ uic pia^na v j.y int^ui. -u. watv. .^..-^ec.^^. - - - 

hhu. bu this is considered because there are comparatively many Oi l bases. Moreov er, polaritv is large and a contenOH basis 



lilin ^n:l Llus is consiaerea necause iiiL-iL- aif L^uiuiuti cuiv^iv n.uii^ V ■ ,i . i ui ■ i 

enlar.es the dielectric constant of a silicon oxide, Mthough ( )hl basis can be reduced and a precise silicon oxide car, bc obt.nned 
if hciii treaunent of about 600-800 degrees C can be peiTormed after film formation bv tlic iMasma CVl method using 1 1,( )S. 
since aluminum svstem vvirmg deteriorates. ,t ,s inapplicable, Furthemioi-e. when it was go.ng to fonri the lluid silicon oxide on 
the Sihcon oxide formed bv the pla.sma CVD metb.od using Tblt )S hv the C\^ ) which uscl an alkoxide and o.one such as 1 h( )S. 
theie xM-s a problem that a generation film hont face served as the configuration wheie •.n egulai itv is intense, or the so-called 
giouiul dependency. like dispersion m the thickness ofa generation fihn becomes laige :.eciime ivmaikable, 

ll'rolliiUs^ to he Solved bv the Invention] The puiiiose of this invention is to offer the forniation method of the siUcon oxide 
uhich was excellent in tlie tlat nature which solves simultaneouslv die technical problem about the reduction or tlie remo^v.,1. and 
the ^^ .teipnuT improvement m OH basis ,n a generation film, the technical problem ol higii rank dillei ence coverma 
fonn;:uon. and the teclmical problem that a gi ound dependeucv is iibolished m lilm tonnai;on ol o/oue C \ D, 

I Mea'is lor Solv ing the Problem] The above-mentioned technical problem is Si source and ( )2 so that oxidi/ation gas such as ( )2 
oi N^f ) and mixed gas mav be introduced using the alkoxide which has Si-H comhintiticn as the Si source and the i.bb sovn 
HANSI ' ratio of Si-H/Si-OH in a generation film may become 1/.' or more. Or NIC) It is solvable with a means to set up 11 >w rate 
.iiivi ' ■ low: ,1 silicon oxide by the plasma CVI") methiid, 

IfuPcM,,,,] Tltc alkoxide which has Si-I i comiunntion is used lor this imention as the Si .source Tins kind of .Jkoxuie acts so that 
iheie irav tUo l>e no self-ignition natuie at the time oracting so that high rank dilTerence c-, eriiig naiure may be secured a^ a 
propcm common to an alkoxide. and touching air. since it had Si-( ) combination in the interior ol a molecule, process saletv mav 



;ps and bounds and ihe ci> 



mav be rcciuceU. and :i is SiK4. Il acts s.. ib.at « :i.ax conipaiv and rarliclc 

.. ~ ^ '.niSnafon .ncluded .n S, sour.c of n.. cnu„n .s .ncrpora:.! a!s. ;a . .cncratu... nln> j;;;;;^,^^^^^,.^ 
1 to the flo\v rate ot a proper hold Siiil;;: Liie uniiPUKUiUi. .11 Uii. i i m 

; , Oa. 1 exists .n a fdm front tac. uvrks . ^ an act. c sue ui ulncl-, st.rtac. :o.c'-. .;c.urs a and U a o d, k 

; : ' x>de tonnatum reaet.on ,n . tV.nu :«cc tr.ay adva-.KC ( >n the other hand, a - arlace '1 1 con '"^ ' 

e m anation of a s.hcon oxtde uas conh.o,:. when :hc Si-H combttuUum tn a U.. :s nKu.e ' 
eonv an. t.o-a ! as the prorem" of decreasing And a.c a dmg to the cxperuncn-. l a or n^a.v .enei aaon mm. u so that 

1 moisL-Lav be prevented, and th. arb so. BANSU ratu, o;S,.H/S.( - ■ , cts th.. hhn s>, th.U a givund 



ti ar.:-iMi enc 



dcp. 'alencv 1-. IN be abohshed m the ozone CVI) a^ ;:n underlay fihn 

inxaPT el -le example of this mventun, .s exphnncl :n deu il using drawn... Tne sfucnra of a (Masina CA'I ' rooin where ,, used 
„ : o-, of a sihcon oxide ,s shown .„ drawn.u ^ '. he ease u here tnnietho^r.e neetorth 1 MM r- ; 
. e^ .aaaie.! a. an example. IMS uas put ,1^^771^,1 a, ner made from stainless stee, . ... ,ae ..,ind sonre . ^^^^^f ^^^^^^ 
, , - . ,-nn-,.r .ns ;,n.i nuroo.accd ,1 u;to the CVD rocan ihe teir.r 'Une ol the eonta.aer ot 1 MS >a Hk 
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•e , oas whieh ,s a earner gas. an.i ,.itro,i;.ccd U uao the C Vl) rocan i ne :enT-': nuie o, u,. u.u . . - ' 
■ --degTf3SrC'7nd-;^o;^vance nitrogen gas to O.ZslnHs,, In order that the ga. ..lang hom a eontamer to a (, \ I) toon 
„„. • pp' V ^- adsoqnion and hquefaetum ol' gas. r aliached the :emperatnre gradie:,; an : lep: it at o^ 1 ua .egree^ C Ms and 
thJ raxed .a. of ( .2 and N2 were put m from the ga : mdticUon i . ihe substrate . wita . a: aneter o, 4 --s w^as . le.^ o t k 
|„u.. e:ee'ro.ie ^ and RF power was impressed between the up electrode 2 and the ower c ecuaxle 1 he f .que.u ot R 

■ : e' ^ power to lOOW. In add.tilm. the up electrode 2 and the lower electrode eonld se, up the posrum m.lependentU . 
e!-, ■ r.d the electrode spacing here set them, to i 2mm. The CVI) room ;s equippe.! wiih tne mtiaied :ransparencv 
arv:r ^ ■.)r analv/ing reactam gas. 

|uo,. i Nex:. ne infrared absoqn.on spectrum at ,he time of mtroducmg IMS ar.l bem.g -■n- ^' - P'.^--!'^' " 
„ d, In, - 1 his gas IS Ure cotnposition sito. ,i m i- awm.2 . and contains C-f 1. Si-l !. a;r. S,-( ) Drawnu^ is he ml, a .d 
TT^-^.ctrum of thereactait gas of the plasma state which impressed Rb : IIF . p. .u:: cons-dermg as , e pla.ana stat. - 
.en.nn. i r introducton- gas - 1 775cm- 1 - formaidehvde (HC l lO) - H:o bv waac.t C < > suiek o the 2.,.( cm - 
nemh-^o-hood to the 3740em-l neighborhood, and S.-OH combination smck u, the silr.a V the ,4o„ein- 1 neighb. ood 
oi the ^..OOcm-1 ne.ghborLod and the 1 W. )cm-I neighborhood - molectile-b.e : .2(> 1. accepts, ahhongh . is h, le. 
i I -se. an exairiple of the urfrared absoiptum spean.m of tlie fomed silicon oxide <hown m drawm£4 . ( )r. the relation 
I„-a d.^r-la- . m ox.gen lOOsccm aird 500secm(s). 0 ^5 -*-*s of abb sow 13.ANSI ' are .c^ to respectiveb .^and it^is 

shoun ! Sim and oxTgen set [ pressure ITotr. 12mm of electrode spacings. and lire anwevv.nee nitrogen g s ..t r.v.s ' 
the s.nstra.e •emperature of 350 degrees C. and dilnf.on nitrogen gas ] membranou.s tcTma :on 1^ "j' T^^^ ' 

.(-■1 of the 3660em-l neighborh.xid and the .3400ctn-l neighborhood stuck unen oxygen was M>^cci, (s l accepts and 
,ne a <,,ectrum coiillguratum equivalent to 'he silicon oxide at the time of tismu T F ' )S as a rau material. Alien oxvgen is 
, ai sow BANSU of Si-Ol 1 decreases md St-I-I ,s acce,ned in .l:e 2200cm. 1 ;.:ighhorhood, Wlten oxsgen is sU to 
■ m'-uows At this tnire, Si-OH decrea.ses to a Ne,T small value, and abb sow i;!A\-Sl ' ol Si-l I .md (. -H becomes large 
' 1 ;.\NSU of drawingl aiid also tlte result which measured the oxygen How vcw dependencN m detail were s.hown m 
e- > OH basis-related abb sow BANS'. ; increases with the increase m an oxygen ILav rate, and Si-1 1 auu C-ll 
d^.e V -tb the increase in an ox-xgen How rate, ftv changing the How rate of TMS and ^ r-.Ngen. it was contirmeo that the 

-1 of - -e s,-H combination in the silicon oxid.e to generate or OH basis is changeable 
i , 1 ri. d, .xvsUane (TES) is in the material to v. Inch TMS and the propertv were suir.l n . Although the same ov. gen How rate 
depeudenc. a< the case of TMS was shown when 1 laS was used as S, source, when the same How ,a,e compared, the result that 
abbsov, h ANSI I ofC-H ma film was large 2(1 u.-^n% was brought. -i,-^. . „ „, .f 

I ; I Ne. I ai order to evaluate tlte leVel difference section covering configuraiion at the r.me ol using I MS. the cross s.ct.on .1 

Ihe c .1 atiiar. from which the silicon oxide of a lla, part is se. to 3.)0mn usutg a sam,,!e w.h a slo, with a wid.h o lace J o 
^,S,.nm : ai:d a deptlr of bOOnm was obsened bN- Sb.M. .hidgmg from the state ol the oxerr ,ig ol a '^'^^Y ? sd 1^1 n.s 
I MS ,s ised as S, sotirce. a configuration almost equn-alenl to the case where I BOS ■„< used, is acquired, and it is Sil 14. It tunis 
.it he configuration at tlie tune of using IS exLeilcd, m,k „,„i, ,i 

1 NV-x: the oxTgen flow rate depetidencv of the lefractn e index n of a generation !,l,r, was shoun m dnnun^ Although it 
,s , V ,1 '.c a uivalcn't to the silicon oxide which trsed 'I'l-OS as the raw material when an oxvucii tlow rale ,s large. ;1 an oxygen 
,1.,. :a.:- r. ieciea.sed. a refractive index will merea.c Wltcr, an oxvgen llo. rate is 20 or :e.s seems, the increase i, a reliactu. 

qV; ;;"':';I;';!ext. concentration 'fhe result which measured the etch rate ofa stlicon oMde wuh dilution I b hquul was sl.nu, 
,n .l^.,.^inu " Smce it ,s usuallv 10 - 12 nm nun. lite silicon oxides fomted bv the plasma b Vl) method vvhich u.sed as the r.iw 
,„ 77^)S eunemlv generallv used lor the multilaver mterconnec.ion ofl.Si are 2 5 nm mm o! a thennal oxidation tilm II ,s 
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\- : .c;:: j^ ccisc filni- The eicli rate mcrci 

^"h NX iicr resistance Ufa generai.on .s ex .Itia-d iVom cha.iye .Ttnc ^:^■>:-.•:./au■;; oPioct d'-O) sc.ino the 

rs...r.iHcr-l neighborhood. FOSUFO s.hcate dass ,PS(i) ..f ZOOmn of thickness is aep- 'sr.cd . m M substrate, and it is IWs 
and s:l 4 l uo kinds of sihcon oxides olA- thickness were lorried by the use: pUisiu. e \ 1) met.iod A. a rcsuk .1 
i;> dc,:ec;a . two atmospheric pressure, and llic -i c^surc-cockcr CNanuna-i^n o! ! ; > e.tinaimj;. charge . , uas 

!ccc-c.i ir -K-.thcT of the samples, but the j-.-od rest:';', was o'nained , , , 

. - '^c^ ■ resuU which measured ihc -cs::-:^ ofliie ih-ir lace at ibc tunc r flVnu^.g a 4 ^nii; m.ico:, ox.l. In the C \ : 
•A.:.' I .er I M is and ozone on this fihn w,.> slv.-.v;i :n dvaw.ng S bv usnig as an underlay ::hn Uic s;h...n oside oi J-nm, ,,1 
,l„ck: ... s 1 .:r.cd using IMS, The bird clapper :s shoxMi lo the value uith s.lT.c.enllv sra:!: :leld l; uimlantv b\ the Held u.crc an 
■ -Uv-. laic IS small. The abb sow HAXM ' raU:. ol Si-ll Si-i )1 1 | m/ drawing 5 n-A rate / .^xvgcn m ■he l:c d ol o, 



•iv as ;■ was shown in drawing " . v^lien tac .'xxgen :lo\\ rate was made t>i 
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..... ,., . . \ It IS equix alenl to the field to er-ss and this He'd is suitable as an •an.derh.v l.lm ..| ( Vone C VI) I he tluidiix 
aep-cd ihc silicon ox.de tonncd bx , -z.-ne CVD at lias tiir.e. and the .Hitstandnig c-.veraig conligurati ui uh eii has a 



- ■ . ' ■ . : .l iv ill the level dill'crciKx' ..^ee';.>r. w as acqunwl 
; . ' ■ : ,s except the o/one C A'D ^h.-wn acre, voii n.av h-mi the s:I;con oxuie h.raed pv aie C \ \ ) and the .pplicaium 
Idn, ; .:nirg :aeihod tl>r having used the suiuee s.v;,-ce .-fSi .-fan niorgame >y>tem <-r an aaiuc svsieni on tins Irn, bv using as 
an un.ieia-..- film the silicon oxide which has Si-1 1 combniati.-n. 

]. .\. ■.K-ntumed above, although explained bN raal..ing ihe Ibrmalum method of ihe smeon oxide In the parafei plate txpc 

Miigle excle plasma CVD mediod using fMS into an example, vou mav use a 2 cvcic pla.sma CVD method and b,as impression 
hiuh-dcnsi'v plasma (electron cvclotron-resonanee .-eflicient consumer response :, mouc'.anue cnibmalion type plasma i R I i. 
helic. n ■.v.ve method plasma, etc. are known as scarce of pla.sma ■ CVD b> nmig as s.va .:e the alk.-xide winch iia.. Si-1 1 
Ci'inl ai.,ti<r, 
iii(i2i I 

il iVee: .'f 1 10 iin-entionj According to this invention, a eonleiu ( )H basis is excellent m a nv.sturc 'ninspareney prcventu.n 
piopciiv tcv. die sihcm oxide film which has high rank dilTcrence co\enng nature simiillaneoush can bo tonned^ it is 
hr'h- isi-'. and low-cost munufactui-e of the semieomluclor device which has a mululayer mtcrconnection is enatded 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 rim .bc.mcnt has been translated bv comruier S. the translation nm no: rdlect the o:-:u:„al p: ec.^ 

2 ^^^"^-^ shi^'.\- the word which can not be ir.ir.s.alcu 
^ hi Jra^\::iiis, aiiv words are not iranskiie.; 
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u - 1 Jes.Mri^ui of the Drawings] 
\\')ur^\v:,^ 1 : : xplanatoiy drawing of a phiMn.i t n 
ll Uauin^ - he inlrared-absonmon-spectnun v:c^^ tU'TM^ gas. 
IVUM-L^ ' The inlrared-absonHion-spectmm Mew (-The reaclant gas m p.asn:a L A). 

fe;;-Si^:'Ssur » « ^ 

h^'77:7?"-"raieliaciivi,»faiil'iv|-=rvv^c»s!io«„ia.,ll..»rai.-.icp^ 

iSis ,,,„„„, ™„. , ,: i>..:.=.. Jep.„,.„ ; ; „„ „„„,„ 

Il),.,,v,i:-us. n,c propem- view showing ( )2 iion -rate depenoeno ot iIk licU gi ain....i .i, •• n- 
o\idc of ih;^ in\ ention. 

'MTT;;;Te'~4/--Asubstratc.5^--Kl.cle^^^^^ ' 
ol'scrx atK.n. H - Reactant gas exliaust pon | - (ias introduction piping. . - .An up eiec.iodc. 



ITraiiNlalior. done/ 



1G'2-,'02 3 AM 



rttp A/. w-i.ipcl jpo ;p cgi'b n trari_.ve': ^ t- 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 T:,:> .:oc'.iiv..':)L has been translated bv anwyu'x: ti^e tr(-:islat:on nia\ n;^: 'vllect :hc (-"iLini:! p-cci-civ 

2 <.\r '\\ > liie word which can not be i:\::i<".-:rA\: 
.vhi ux ::;i:s, am' words are not transhiic: 
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IClai;:. -..il 

(Clan:. \ j iAC lomiation method of the silicon oxuic c;:;iraclcn/e(l bv Ibrmmi; :hc s]:x=':: ; Aide winch is mixed with the MUircc i>: 
owgcn and c^Mitains Si-H combination by the plasma LVD method bv making into the source t^l'MliCvHi the alkoxidc which has 
Si-1 1 .A':nl^::ui:u)n 

|ll:ii:y, 1] T:ic :^nnation method of a silicon t^idc thai ihc nuiximuin of abb sow BANSI ' nfS:-M of ihc range of 2 InOcm-l [ m 
iIk- i:. raced a'^^^^rplion of a generation lilm on ciann 1 ]nibhcation and | to 24')0cm-i is 1/^ or n^orc i^f die maximum ol'abb 
^.^w ! '.WSM M-()H of the range of 3''n"cn-- : io3SfX)cm-l A 

|L iaiiii I The limtiation method of a silicon oxide iIkh ihc aforeiricntioned soui-ce ofsihct^i is tnmethox\'silar e m cuums 1 or 2 
[Cdaim - i The lonnation method of the silicon oxide wl^ich fomis a silicon oxuie bv using die aiorementioned silicon oxide as an 
iindeiKr^ h:\ er ;ii claims L2.or3. 
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Japan Patent Office is not responsible for any 
dajnages caused by the use of this translation. 

1 ihi ^ »ci:n;c:U has been translated bv anwv'y.c: Sv^ '.he lra:islal:on nia\ no: rctlecl ihj (^ivluk;! preci>clv 

2 ^h^ Avs the word whieh can not be ii anslatc.i 

3 [pi !:x Aiiiw ::igs. any words are not transhiicd 



l)RA\V[N(.iS 




-0 2 ' ■ - ' ' ^ ^ i ■ ■ ' ■ ■ ■ 

400C 3 500 3000 2503 2000 1500 1000 500 
Wavenumbers (cm"'' ) 



:^ 5 



O.Oo 




C ^OC 200 300 400 500 600 
0^ (seem) 



I Draw .^^ • 



10'2^02 5 A' 




OQC 3503 30OO 2500 ^ 20OO 1 &00 1000 



|I)rav. 



TM3 ^-S(0 



Og = 500 seem 



I h — 



lOOsccm 
0 scom > 



c 9 



t 

X 

6 



^4 0^r 35W 3000 2500 2000 

Wavenumbera (cm*M 



11 



1,7 
1.6 



Tl/S P'S.O 



i t 



£ 1.4 

1.3 

1.2 



0 100 200 300 400 500 600 
02 Row (seem) 



|[)ravM:ii: ' 



m 7 




C "00 200 300 400 500 
Oq Flow (seem) 



1C^2 "/Q2 3 4C A' 



